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Pheromone-induced polarized growth and sexual agglutinability in autocrine M-143 and P-cells 144 During mating, yeast cells sense a pheromone gradient and elongate a mating projection 145 (shmoo) toward the source of the pheromone (Jackson and Hartwell, 1990) . Extremely 146 strong signals induce a default reaction, resulting in shmooing independent of a 147 pheromone gradient (Bendezú and Martin, 2013) . Therefore, we evaluated self-148 activation of the autocrine cells by their own secreted M-factor or P-factor by the 149 observation of shmoo formation (marked elongation of polarized cells). On solid 150 medium (MEA), the two autocrine haploid strains (FS600 and FS683) showed distinct 151 shmoo formations ( Fig. 2A) , which were quantitatively assayed by measuring the ratio 152 of cell length (L) to cell width (W) of individual cells (see Materials and methods) . 153 Whereas the L/W ratio in two wild-type haploid strains (FS324 and FS618) did not 154 increase during 2 days of incubation, the L/W ratio of the autocrine haploid cells began 155 to increase gradually after incubation started ( Fig. 2A ). Based on a definition of 156 shmooing as an L/W ratio of more than 3.0 at 2 days, the autocrine M-and P-cells 157 formed shmoos at a frequency of 26% and 44% (n=200 cells, each), respectively (Fig. 158 2B). In addition to shmooing, the autocrine M-cells were readily autolysed, as 159 previously reported (Dudin et al., 2016) , at a frequency of 39.3% ± 3.7% (n=1180), 160 although lysis of the autocrine P-cells was not observed. This might be due to 161 differences in the mechanisms of cellular pheromone signaling in M-and P-cells. Taken 162 together, these data clearly demonstrated that the autocrine haploid cells were self-163 activated by their own pheromones. 164 Conjugation of yeast cells commences after sexual agglutination in response to 165 mating pheromones (Miyata et al., 1997; Seike et al., 2013) that is mediated by two 166 mating-type-specific adhesin glycoproteins: Mam3 of M-cells and Map4 of P-cells 167 (Sharifmoghadam et al., 2006; Xue-Franzén et al., 2006) . We therefore examined sexual 168 agglutinability in the autocrine M-and P-cells. We assayed agglutination intensity in 169 two homothallic autocrine M-and P-strains (FS393 and TS167) cultured in SSL−N 170 liquid medium. Two receptor-less homothallic strains (FS65 and TS160) were examined 171 as a negative control. In both autocrine strains, strong agglutination was induced after 8 172 hours of incubation ( Fig. 2B ), suggesting that Mam3 and Map4 proteins were fully 173 induced by their own pheromones at the cell surface. Our previous study showed that 174 expression of the P-type-specific adhesin Map4 is completely dependent on pheromone 175 signaling, whereas that of the M-type-specific Mam3 is induced only by starvation and 176 further enhanced by pheromone treatment (Xue-Franzén et al., 2006; Seike et al., 2013) .
177
As expected, the receptor-less cells showed no agglutination (no visible aggregates, Fig. 178 6 2B). Collectively, these data indicated that both autocrine strains were fully self-179 activated, as judged by shmooing and sexual agglutination. The mating competency of heterothallic autocrine M-cells (FS600) was examined by 183 crossing with either wild-type heterothallic P-cells (FS127) or heterothallic P-factor-less 184 P-cells (FS601). As shown in Fig. 3A and 3B, the autocrine M-cells completed 185 conjugation with both wild-type and P-factor-less P-cells, although the mating 186 frequency was significantly lower than that observed between wild-type pairs (40.73% 187 ± 3.8% vs 14.7% ± 2.6%, Fig. 3B and Table S2 ), consistent with previous observations 188 ( Kitamura et al., 1996; Dudin et al., 2016) . This result indicated that the asymmetry in 189 the chemical nature of the two different mating pheromones is not essential for mating autocrine M-cells and wild-type P-cells was significantly lower than that of the wild-201 type combination; that is, the frequency was about one-thirtieth of that of wild-type 202 pairs. It is possible that the low selectability of autocrine M-cells as a mating partner 203 might be due to the fixed ("default") location of the polarity complex at cell poles.
204
The mating ability of autocrine P-cells (FS683) was also tested. Unexpectedly, the 205 autocrine P-cells did not mate with either wild-type or M-factor-less M-cells ( Fig. 3A   206 and 3B). Furthermore, the ability of the autocrine P-cells to mate with M-cells was not 207 recovered by exogenously added synthetic P-factor (5 µM) ( Table S2 ). The sterility of 208 the autocrine P-cells was further confirmed by the lack of recombinant colonies in a 209 mixed culture of autocrine P-cells (FS683), wild-type P-cells (FS504), and wild-type M-210 cells (FS703) ( Fig. 3C ). Lastly, no diploid zygotes were observed between autocrine M-211 and P-cells by microscopy (Table S2 ). Taken together, these experiments suggest that 212 the ability of P-cells to undergo cell fusion is likely to require stimulation by M-factor, 213 but not P-factor. Fig. S2 ]. In addition, we noticed that the Mam2 receptor 228 for P-factor was frequently localized at the conjugation tip (Mam2 at the contact site, 229 82% (n=27); Fig. S2 ). These observations suggest that the local concentration of 230 transporter and receptors at the fusion site leads to secure conjugation between mating 231 partners. 232 We therefore considered that, for mating competency, P-cells might require local Working hypothesis of conjugation in S. pombe 246 On the basis of the above experimental data, we propose the following model of the 247 mating process in S. pombe (Fig. 4 ). In the first step, pheromone peptides are secreted in 248 response to an environmental cue, such as nutritional starvation (Stage I). The 249 hydrophilic simple peptide, P-factor, is easily diffused into the surrounding medium, The S. pombe strains used in this study are listed in Table S3 . Standard methods were 278 used for growth, transformation, and genetic manipulation (Moreno et al., 1991) . S. 279 pombe cells were vegetatively grown in yeast extract (YE) medium supplemented with 280 adenine sulfate (75 mg/l), uracil (50 mg/l), and leucine (50 mg/l). For solid medium, 15 281 g/l of Bacto Agar (BD Bioscience, Sparks, USA) was added to YE medium (YEA). The intensity of cell agglutination was photometrically determined as described 319 previously (Seike et al., 2013) . In brief, sexual agglutination was induced by shifting 320 cells from SSL+N to SSL−N liquid medium at a density of 410 7 cells/ml at 28 o C.
321
Cultures were incubated in 3.5-cm petri dishes (Thermo Fisher Scientific, Waltham, 322 10 USA) with gentle shaking. The optical density at 600 nm (OD600) of an aliquot of the 323 culture was measured, the cell suspension was then subjected to sonication (20 kHz) for 324 10 secs to disperse cell aggregates completely, and the OD600 was immediately 325 measured again. The agglutination index (AI) was calculated by: 326 AI = OD600 (after sonication) / OD600 (before sonication).
327
This value has been shown to be a function of the mean size of cell aggregates. In our 328 experience, visible agglutination can be seen in samples with an AI of more than 1.1.
330
Mating frequency between mating partners 331 Mating frequency was determined as described previously (Seike et al., 2012) . Two 332 haploid strains were separately grown on YEA plates overnight and then resuspended in 
340
In general, triplicate samples (at least 1,000 cells) were counted, and the mean ± 341 standard deviation (SD) was calculated.
343
Quantitative assay of hybrid formation 344 The quantitative assay was done as described previously (Seike et al., 2013) .
345
Heterothallic haploid strains carrying a different drug-resistance marker (kanMX6, 346 hphMX6, or natMX6) on their chromosomes (Seike et al., 2015) were mixed and then 347 incubated in SSL−N medium for 2 days to induce mating. The cell suspension was 348 diluted and spread on plates containing the appropriate combinations of drugs. The 349 number of colonies was counted after 3 days of incubation. Three separate tests were 350 carried out, and the mean ± SD was calculated as the recombinant frequency. Enzyme activity was calculated as previously described (Miller, 1972) . Cells 370 were suspended in Z-buffer (60 mM Na2HPO4, 40 mM NaH2PO4, 10 mM KCl, 1 mM 371 MgSO4・7H2O, and 50 mM β-mercaptoethanol) and stored at 80 o C before the assay. Mating (%) was determined by measuring the frequency of zygotes. Data are the mean 531 ± SD (n>300, each). ***P<0.001. The exact percentages of mating are reported in Table   532 S2. (C) Recombinant frequency of wild-type and autocrine strains. Heterothallic haploid 533 strains were differentially marked by kanMX6, hphMX6, or natMX6 drug-resistant 534 markers. The mean ± SD of triplicate samples is presented. (D) Effects on mating 535 frequency of the co-expression of Map3 and Mam2 in autocrine P-cells (TS159).
536
Expression of map3 + in the autocrine P-strain recovered mating ability (43.9% ± 2.3%) 537 to a level comparable to that of the wild-type pair (45.7% ± 4.9%). Data are given as the 538 mean ± SD (n>300, each); n.s., not significant; scale bar, 5 µm. 
